A 2-year-old male goat exhibited seizure-like activity, rigidity, depression and muscle weakness that progressed to lateral recumbency and death. The goat was submitted to the Tifton Diagnostic and Investigational Laboratory at The University of Georgia for necropsy.
On gross postmortem examination, the goat appeared in poor body condition with minimal body fat stores. The lungs were multifocally congested and wet. The rumen contained roughage, a moderate number of intact leaves, and numerous leaf and stem fragments. No other abnormalities were observed on gross examination.
Tissues were taken from multiple organs and processed for routine histopathologic and bacteriologic examination. Intestinal contents were submitted for detection of viruses Tifton Diagnostic and Investigational Laboratory, College of Veterinary Medicine, The University of Georgia, PO Box 1389, Tifton, GA 31793-1389. 1 Corresponding Author: Zaher A. Radi. New address: Pfizer Global R&D, 2800 Plymouth Rd, Ann Arbor, MI 48105. by direct electron microscopy. Liver and kidney samples were submitted for copper and lead analysis. Rumen contents were collected for identification of plant material.
Light microscopy revealed that the lungs had multifocal alveolar capillary congestion with areas of edema. The liver had multifocal centrilobular areas of necrosis. There were no microscopic abnormalities in other organ systems.
Toxicological analysis of the kidney for lead by atomic absorption spectroscopy was negative (less than 0.5 ppm of lead, wet weight basis). Liver copper concentration was 6.38 ppm (wet weight basis). Copper values less than 10 ppm wet weight are considered evidence of copper deficiency, and copper values exceeding 250 ppm wet weight are considered evidence of excess copper. 10 Aerobic and anaerobic bacterial cultures were negative. Direct electron microscopy of intestinal contents was negative for viruses. No other virologic tests were performed.
Plant material in the rumen consisted predominantly of black cherry leaves (Prunus serotina Ehrh.). A small number of leaf and stem fragments from an unidentified grass were , leaves from rumen contents A-F and fresh leaves (E, G). The single magnification bar applies to A-E. A, leaf with a pair of petiolar glands (large arrow) and teeth along the entire margin of the blade (small arrowhead) (bar ϭ 10 mm). B, leaf (petiole missing) with teeth (small arrowheads) along the entire margin of the blade and bands of hair along 1 or both sides of the lower half of the midvein (large arrowheads) (bar ϭ 10 mm). C and E, gland-tipped teeth (callous) (small arrowheads) along the margins of leaf (4-6 teeth/cm). The differences between C and E may be caused by natural variation or may have been induced by exposure of C to rumen conditions (bar ϭ 1 mm). D, lower part of the blade and upper portion of the petiole of leaf A. The petiole has a narrow longitudinal groove and a pair of subopposite, finger-like petiolar glands (large arrow) (bar, 2.5 mm). F, an enlargement of the region of leaf B indicated by the large arrowheads. Midvein (small arrow); hair with enmeshed debris to either side of the midrib (large arrowheads) (bar ϭ 5 mm). G, a cross section of a leaf blade at about the same level as the midvein in F, showing the protruding midvein (small arrow) and the bands of tangled hairs adjacent to the midvein (large arrowhead) (bar ϭ 5 mm). A, leaf with no marginal teeth but with a typical small apical spine (concave arrow) (bar ϭ 10 mm), B, leaf with a few irregularly distributed teeth along the upper half of the blade (small arrowheads) and with a small apical spine (concave arrow) (bar ϭ 10 mm). C, shallow, blunt teeth with minute apical glands of leaf B (small arrowhead). The very margins of the leave blades are slightly thickened (bar ϭ 1 mm). D, a cross section of a leaf blade at about the same level as the midvein in E, illustrating the protruding midvein and thickened secondary vein (small arrows) and the small ridge that lies above the midvein (small white arrow) (bar ϭ 5 mm). E, base of the blade and the petiole of leaf A, showing the broad longitudinal groove of the petiole and absence of petiolar glands (bar ϭ 5 mm). (Characteristics of fresh leaves that are illustrated above: leaf blades are evergreen, very dark green and glossy, very stiff, and are usually broadest above the middle. Leaves of cultivars may vary greatly in size, shape and presence or absence of petiolar glands.) ), fresh leaves. The single magnification bar applies to A-E. A, leaf with teeth (small arrowheads) along most of the margin of the blade and a small spine at the apex (concave arrow) (bar ϭ 10 mm). B, leaf with 3 or 4 widely separated marginal teeth (small arrowheads) and a small spine at the apex (concave arrow) (bar ϭ 10 mm). C, a single fine, spreading marginal tooth with a minute apical gland (small arrowhead). Leaves may have 0-4 teeth/cm (bar ϭ 1 mm). D, a cross section of the blade at about the same level as the top of E, illustrating the protruding midvein (small arrow) (bar ϭ 5 mm). E, short, stout petiole and base of the blade of leaf A. The petiole lacks petiolar glands and a longitudinal groove (bar ϭ 5 mm). (Characteristics of fresh leaves that are not illustrated above: leaves are glossy, dark green; paler below than above; evergreen to semievergreen; firm to stiff or leathery; usually widest above the middle; 2.5ϫ as long as wide or longer.) also present. The black cherry leaves occurred as almost undigested, green-splotched yellow leaves with or without petioles. There were also small to large fragments of black cherry leaves. The intact leaf blades were moderately thick, simple, ovate to oblong-ovate and approximately 3 ϫ 8 cm ( Fig. 1A, 1B ). The tips of the blades were acuminate and slightly twisted, and the bases of the leaves narrowed gradually toward the petiole. The petioles were more than 1 cm long (no complete petioles were present) and about 1 mm in diameter, with a narrow groove on the upper surface and a pair of glands, 1 gland on either side of the petiole, just below the base of the blade (Fig. 1A, 1D ). The leaf margins were finely serrated with rounded, inwardly curved teeth with dark, gland-tipped teeth along margins of leaf (calloused tips) ( Fig. 1C ). Although the leaves were otherwise devoid of hairs, a band of densely packed hairs occurred on their bottom surface on either side of the lower third of the midrib (Fig. 1B, 1F, 1G ). Fine debris trapped by these hairs The single magnification bar applies to A-H. A, leaf from a cultivar with large leaves with teeth along the entire margin (small arrowhead) and a pair of large petiolar glands (large arrowhead) (bar ϭ 20 mm). B, leaf from a cultivar with small leaves with teeth along the entire margin (small arrowhead), but no petiolar glands (bar ϭ 10 mm). C, slightly rounded, single and double marginal teeth from leaf A with prominent apical glands (small arrowheads) that point up or out (bar ϭ 1 mm). D, enlargement of 1 of the large, cushion-like petiolar glands shown in A and E (bar ϭ 1.25 mm). E, base of the blade of leaf A and the stout, broadly grooved petiole with its 2 large petiolar glands (bar ϭ 5 mm). F, slightly rounded, single and double marginal teeth from leaf B with minute apical glands (small arrowheads). Marginal teeth of the 2 cultivars have similar morphology except for the size of their apical glands (bar ϭ 1 mm). G, a cross section of a leaf blade of the small-leaved cultivar at about the same level as the midvein at the top of H, illustrating the extremely prominent, raised midvein characteristic of the lower surface of peach leaves (bar ϭ 5 mm). H, base of the blade of leaf B and the stout, broadly grooved petiole that lack petiolar glands (bar ϭ 5 mm). (Characteristics of fresh leaves that are not illustrated above: leaf blades are thin and usually slightly crinkled, curved downward, elongated, relatively narrow, and widest at or above the middle; size varies greatly with cultivars.) emphasized their presence but also tended to obscure them; overly enthusiastic washing removed both hairs and debris. These features are consistent with published descriptions of black cherry leaves. 1, 7, 8, 13 The differential diagnoses for seizure-like activity in goats included heavy metal toxicosis (lead), Clostridium botulinum (botulism), viral diseases (caprine arthritis encephalitis virus, rabies virus), and protozoal infection (Toxoplasma gondii).
In this case report, liver lead concentration was within normal limits, and no histopathologic changes suggestive of lead toxicosis were seen in the brain. Aerobic and anaerobic bacterial cultures were negative. No histopathologic changes suggestive of viral or protozoal etiology were found, and direct electron microscopy of intestinal contents was nega-tive for viruses. Although the owner indicated that the goat did not have access to black cherry trees and subsequent submission of plant material from within and immediately surrounding the enclosure did not include black cherry, a diagnosis of black cherry intoxication was made after identification of black cherry leaves (P. serotina Ehrh.) in the rumen contents. Weakness, recumbency, seizures, and congestion and edema of the lungs were consistent with poisoning by black cherry. 2 Black cherry is considered one of the most toxic Prunus spp. 2 10 mm) . B, the small marginal teeth (4-13 teeth/cm) of leaf A are capped with prominent triangular glands (small arrowhead) which may overlap the base of the next tooth (bar ϭ 1 mm). C, upper portion of the petiole and the base of the leaf blade of leaf A, showing gradually reduced gland-tipped teeth (small arrowheads) at the base of the blade and on the petiole above 1 of the 2 cushion-like petiolar glands. Although absent here, petioles may have hair along the longitudinal groove and on the lower surface (bar ϭ 1.25 mm). (Characteristics of fresh leaves that are not illustrated above: leaf blades are thin and fragile, usually widest below the middle, and 2.5-5ϫ as long as wide; petioles usually have (1)-2-(4) petiolar glands, are aglandular, or, rarely, have 1-2 petiolar glands on the margins of the very base of the leaf blade; upper and lower surfaces of leaves may be hairless or there may be bands of small, white, sparse hairs to densely packed, white, wooly hairs to either side of the midvein or in the angles between the secondary veins and the midveins.) (Rosaceae), which contains numerous other genera and species whose leaves release hydrogen cyanide (HCN) after wilting or ingestion. 2 Burrows and Tyrl regard twelve Prunus spp., including black cherry, as being of particular concern in causing cyanide intoxication. 2 1, 2, 7, 8, 13 They consider black cherry, English laurel cherry, and choke cherry as ''the most consistent cyanogenic threats in the Rosaceae.'' In Tifton, Georgia, Carolina laurel cherry is the most commonly diagnosed cause of cyanide toxicity after black cherry (Styer, personal observation). Black cherry, Carolina laurel cherry, fire cherry, and choke cherry are native trees 1, 7, 8, 13 ; English laurel cherry is an introduced shrub or small tree that is often planted as a hedge 1, 7 ; peach is an introduced species that has become naturalized throughout much of its agricultural range. 1, 7 Specific features of mature leaves of these 6 species (Figs. 1-6 ) can be used in conjunction with geographic distributions to distinguish these 6 species from one another. The distinctive morphology of the marginal teeth and their apical glands (tooth shape, size, frequency, gland or callous size, shape) allows specific identification of all 6 of the Prunus spp. of greatest concern in eastern North America. Close examination of leaf margins and petiolar glands with the dissecting microscope may be needed to distinguish petiolar glands from 1 or more gradually reduced marginal teeth (or just their apical glands) that may occur along the petiole below the base of the blade, a condition that can lead to confusion as to the presence and number of petiolar glands (Fig. 5C ).
All animal species, including humans, are susceptible to the toxic effects of HCN. 11 Ruminants are the most susceptible animals, and monogastrics are the least susceptible. 14 Animals that have consumed lethal quantities of plants with cyanogenic components develop a series of symptoms that culminate in death 10-60 minutes after eating. 2 Burrows and Tyrl list the symptoms of cyanide poisoning sequentially as apprehension, distress, weakness, ataxia, labored respiration, collapse, seizures, and death. 2 Because black cherry intoxication is usually so rapidly fatal and the difference between nonlethal and lethal doses of cyanide is so small, treatment is rarely available. 2 However, if the amount of plant material consumed is insufficient to cause death within 1 hour, treatment may be successful. Intravenous thiosulfate, unaccompanied by nitrite, may be effective for treating sheep and possibly other ruminants. 2 Black cherry is also reported to have teratogenic potential, e.g., agenesis of the tail and anus and malformed legs have been observed in pigs born to dams eating black cherry leaves and bark. 12 Black cherry leaves, twigs, bark, and seeds contain the cyanogenic glycosides prunasin and amygdalin. 15 These cyanogenic glycosides are initially hydrolyzed by ␤-glycosidases, with subsequent formation of the toxin HCN (cyanide). 14 Rapid hydrolysis of cyanogenic glycosides occurs in the rumen (more slowly in the gut of monogastric animals), followed within seconds or minutes by rapid absorption of cyanide and death 10-60 minutes later. 2 The rapid hydrolysis of glycosidic bonds is pH and microbial ␤-glycosidase dependent. 9 Under dry conditions, glycoside hydrolysis may be delayed until animals have access to water, and the rapidly ensuing deaths may then be erroneously attributed to water quality problems. 2 Figure 6 . Choke cherry (Prunus virginiana L.), herbarium specimens (University of Georgia Herbarium). The single magnification bar applies to A-E. A, leaf with teeth (small arrowhead) along the entire margin of the blade and with a pair of unusually small petiolar glands (large arrow) (bar ϭ 10 mm). B, leaf with teeth (small arrowhead) along the entire margin of the blade and with a pair of petiolar glands (large arrow). The area indicated by the large arrowheads is enlarged in F (bar ϭ 13 mm). C, petiole and base of blade of leaf A, showing the unusually small, button-like petiolar glands (large arrow) and the narrow longitudinal groove (bar ϭ 1.25 mm). As is generally the case, there is no hair on the petiole. D, basal part of the blade and upper part of the petiole from another leaf of the same herbarium specimen as leaf B; but with a slightly oblique orientation with the narrow longitudinal groove twisted to the right. The larger and more cushion-like petiolar glands (large arrows) are more typical than are the small glands shown in C. As is rarely the case, there are hairs on the lower surface of the petiole (bar ϭ 1.25 mm). E, slender, spreading, sharply pointed marginal teeth (5-7/cm) of leaf A with minute apical glands (small arrowhead) which may easily break off (bar ϭ 1 mm). F, light-colored hairs (large arrowheads) along 1 or both sides of the midrib and the secondary veins of the lower surface of leaf B. This is more typical of relatively young leaves because these hairs are usually lost as the leaf ages (bar ϭ 2 mm).
The toxic effects of HCN in animals are caused by mitochondrial cytochrome oxidase inhibition. 5 The seizure-like activities are likely caused by calcium alterations because cyanide elicits the release of neurotransmitters in a calciumdependent manner. 6, 11 In addition, cyanide alters catecholamine metabolism. 6, 11 Accurate rapid diagnosis of cyanide poisoning is usually difficult because the clinical signs and lesions (if any) are nonspecific. 11 Diagnosis of cyanide intoxication can be made by measuring cyanide levels in the blood, including whole blood, or in stomach or rumen contents. 3 Stomach or rumen contents must be frozen quickly or analyzed soon after death to avoid having the cyanide volatilize from the sample. However, clinical history and access to cyanogenic plants are often used to reach a diagnosis. If blood or rumen content HCN levels cannot be determined and there is no known access to cyanogenic plants, diagnosis may be made by recovering and identifying undigested or partially digested plant material from the rumen.
Black cherry leaves possess a unique combination of morphological features that allows reliable identification of even surprisingly small leaf fragments. The combination of small, protruding, finger-like petiolar glands and fine, incurved, cal-lous-tipped teeth on the leaf margins are specific to black cherry, P. serotina Ehrh. The bands of densely packed hairs along the basal portion of the midrib on the leaf's lower surface are virtually pathognomonic for black cherry 8 (Styer, personal observation). However, the expression of this last trait varies from tree to tree and even among leaves from a single tree, i.e., hairs vary from numerous, well-developed, and densely packed to nonexistent. Thus, the absence of hairs along the midrib does not necessarily indicate that a leaf is not black cherry. Fresh, uneaten black cherry leaves are bright, shiny green above and paler below, and rather thick (stiffish) and tough when mature, widest at or above the middle, and generally more than twice as long as broad. 1, 7, 8, 13 The tangled hairs along the midvein are reddish brown, and the callous tips of the serrations are red to black.
Although all animals are considered susceptible to poisoning by black cherry, the literature contains only a single recent report (from Ontario, Canada) of black cherry intoxication of a goat. 4 It should be stressed that 1) black cherry intoxication should be considered whenever seizuring occurs before peracute death, even in the absence of black cherry within an animal's pasturage; and 2) it is easy to accurately identify leaves and leaf fragments recovered from rumen contents as black cherry (or 1 of the other 5 Prunus spp. most likely to be associated with cyanide intoxication in eastern North America). In this case report, there was no access to black cherry within the pasturage, but there were black cherry trees within the rural neighborhood. It is assumed that pruned black cherry branches were tossed over the 10-ft chain link fence that surrounded the goat's enclosure. The poor body condition of the affected animal, indicating possible malnourishment, may also have contributed to the palatability of the pruned material.
